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Abstract

Gamkonora is an active volcano capable of intense manifestations that
regularly forced thousands of inhabitants to flee their villages. The most extreme
eruption, in 1673, was a VEI 5 event that induced pitch-dark environment over the
region. Paradoxically, little is known about Gamkonora volcano and here we present
the first gas measurement results obtained in September 2018 using a MultiGAS and
a scanning DOAS. Results highlight a relatively small but magmatic gas with a
CO./St of 3.5, in the range of high-temperature gas emissions from Indonesian
volcanoes and H.0/SO,, CO./SO;, H.S/SO., and H./SO: ratios of 135, 5.6, 0.6, and
0.2 respectively. The daily gas emission budget corresponds to 129, 13t, 3.4, 1.1t
and 0.03 t for H.O, CO,, SO, H,S, and H.respectively. Bulk rock analyses indicate a

basaltic-andesite to andesite source beneath Gamkonora.

Keywords: Gamkonora volcano, magmatic degassing, gas emission budget.
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Introduction

The Indonesian archipelago hosts 127 active volcanoes, distributed along four
distinct arcs, including Sunda, Banda, Maluku and Sulawesi-Sangihe arc (Fig.1).
Seventy-seven volcanoes are currently monitored by CVGHM (Center for
Volcanology and Geological Hazard Mitigation) but a large majority is still poorly
studied, particularly those located on the eastern part of the archipelago. This is the
case of Gamkonora (Fig.1), for which very little is known about its activity - a
paradox, considering its VEI 5 type (plinian) eruption on May 20, 1673 (Siebert et al.,
2010). This cataclysmic eruption has caused pitch-dark ambiance on Ternate, a big
and flourished city in the 15-17 centuries, situated 70 km southwest of the volcano.
The islands of Manado and Sangir, as well as the region of Mindanao (southern
Philippines), have witnessed significant ashfall (Kusumadinata, 1969; Data dasar,
2011; GVP, 2013). The death toll after this eruption is unknown but it is suspected to
be high (Kusumadinata, 1969; Data dasar, 2011). The eruption extensively devasted
the forest and agricultural surfaces on the northeast Halmahera Island with
consequences over several months. It has also been proposed that a tsunami event
occurred in 1673, triggered by an earthquake and landslide at Gamkonora. This latter
inundated the nearby villages along the coast (e.g., Paris et al., 2014). Hitherto the
connection with the VEI 5 eruptive was not explicit. In the recent history of the
volcano, only VEI 1-2 eruptions are reported (Table 1), of which some have ejected
incandescent material above the summit. In 1926, a forest fire occurred following an
eruption, whilst in 1981 another eruption forced 3500 inhabitants to leave their
vilages and during the 2007 eruption, 8400 inhabitants were evacuated by

authorities (Table 1).
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In 2018, the local observatory recorded increasing seismicity, which was
interpreted as caused by shallow degassing activity rather than by other seismicity
mechanisms (such as deep volcano-tectonic events or harmonic tremor) (personal
comm. with Gamkonora observatory). We, therefore, conducted field observations at
the summit of Gamkonora on September 24, 2018, which, although revealing mild
(un-pressurized) gas emissions, allowed for the first time to characterize the gas
composition and emission budget for the volcano. Here we report on these gas

results and provide details on the summit morphology.

127.45°E i 127.85°E
: E\

Figure 1. Gamkonora (a) is one of the 5 active volcanoes of Halmahera arc (b) and
is one of the 3 active volcanoes of Halmahea Island (c), North Maluku, east
Indonesia (d).

Table 1. Eruptive history of Gamkonora volcano

Date Eruptive event

1564 or 1565 Strong eruption (VEI 3) at the summit crater. The blast was heard up to 200




ACCEPTED MANUSCRIPT

km from the volcano. Lava flow reached the sea and heavy ashfall has
caused significant damage to the forests and cultivated land. The eruption
has caused human lossbut no further information is available. Kusumadinata

(1969), Data dasar (2011), GVP (2013) and Siebert et al. (2010)

1673 (May 20)

Large and massive eruption (VEI 5) have triggered a tsunami that inundated
the surrounding coastal villages. The eruption was accompanied by felt
earthquakes. Ash dispersal has cause pitch-dark on Ternate city. Heavy
ashfall reported on Manado, Sangir Islands (North Sulawesi) and even on
Mindanao (southern Philippines). Forests and agricultural surfaces were
extensively devastated. The death toll related to the eruption is unknown but
likely significant. Kusumadinata (1969), Data dasar (2011), GVP (2013) and

Siebert et al. (2010)

1774 (Oct. 8)

Eruption at Gamkonora but no further information. Kusumadinata (1969)

1890

Eruption column above Gamkonora was visible from Ternate (VEI 2).

Kusumadinata (1969) and GVP (2013)

1917 (Oct. 18)

Eruption built a thick column (VEI 2) with lightnings. Kusumadinata

(1969), Data dasar (2011) and GVP (2013)

1926 (Jun. 1-2)

Explosive eruption from the central crater developing a thick plume above
the crater rim. Incandescent lights were seen at night (VEI 1). Kusumadinata

(1969), Data dasar (2011) and GVP (2013)

1949 Explosive eruption (VEI 2) leading to ashfall around the crater.
Kusumadinata (1969), Data dasar (2011) and GVP (2013)
1950 (Oct.) Eruption at the summit have induced forest fire around the south-southwest

crater rim (VEI 2). Thick ash was observed. Kusumadinata (1969), Data

dasar (2011) and GVP (2013)

1951 (Apr. 12)

Eruption sending a black plume into the atmosphere (VEI 2). Plume puff

was observed from Gamsungi village. Data dasar (2011) and GVP (2013)
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1952 (Jul. 16, Aug.

25, 31)

Eruption (VEI 2) developping a black column up to 1 km above the crater.

Kusumadinata (1969) and GVP (2013)

1981 (Mar.-Jul.)

Eruption (VEI 1) with ash plume reaching 700 m and ashfall up to 5 km
distance from the volcano. Incandescent products were seen projected above
the summit. Over 3500 inhabitants fled their villages. GVP (2013) and

https://www.volcanodiscovery.com/gamkonora.html

1983 (Feb. 16-17)

Ash eruption occurred but no further information. Data dasar (2011)

1987 (Apr. 13-26)

Minor ash eruptions (VEI 1) with plume reaching 700 m height. Minor
ashfall on the flanks. Some coastal residents went to evacuate themselves.

Data dasar (2011) and GVP (2013)

1997 (Jan. 10)

Minor ash eruption with plume reaching 200 m height above the summit

(VEI 1). Data dasar (2011)

2007 (Jul. 8-11)

An eruption that commenced with a phreatic eruption then progressively
became magmatic with an ash plume reaching 4000 m above the summit
(VEI 2). Incandescent products were propelled 5-50 m above the crater and
intermittently showered the flank. About 8,400 people were evacuated from
their villages situated within 8 km radius from the volcano. GVP (2013) and

Data dasar (2011)

2012 (Jun. 13)

An explosive eruption occurred in the main crater (VEI 2), plumes rose to
3000 m above the summit and ash spread out to the northeast. GVP (2013)

and Suparman (2013)

2013 (Jan. 24)

An eruption in the main crater (VEI 2) produced a thick gray ash plume
column that reached up to 2000-2500 m above the summit. Suparman

(2013)

70 Methodology

10
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To measure the gas composition at Gamkonora, we used a portable version of
the Palermo-type Multi-GAS (Aiuppa et al., 2012) that measures the concentrations
of CO,, SO,, H,S, H, as well as pressure (P), temperature (T) and relative humidity
(RH). This latter is then converted into H,O concentration in the plume following Buck
(1981).

The CO; gas is detected by non-dispersive infra-red spectroscopy (Gascard, range of
0-3,000 ppm), while SO,, H.S and H. gases are detected by specific electrochemical
sensors (models 3ST/F, EZ3H, and EZT3HYT "Easy Cal" respectively, all from City
Technology, with a calibration range of 0-200 ppm). The system is powered by a
small internal LiPo battery (6 Ah 12 V) and collects data at a 0.5 Hz rate. On
Gamkonora, the MultiGAS was positioned at the edge of the crater (Fig. 2) and was
continuously recording for 2.5 h. The raw data were stored in the data logger and
then processed and analyzed using the Ratiocalc software (Tamburello, 2015).
Uncertainties in derived gas ratios are estimated at <10%, except for H,O/SO,
(£30%). SO- flux measurements were achieved using an Ocean Optics USB2000+
spectrometer with a spectral range of 290-440 nm and a spectral resolution of 0.5 full
width at half maximum. Measurements were carried out on a near-horizontal
scanning mode from a fixed position (Fig. 2). The SO, column amounts (ppm m)
were retrieved from the spectra following standard procedures outlined in Platt and
Stutz (2008). Reference spectra included in the non-linear fit were obtained by
convolving high-resolution SO, (Bogumil et al., 2003) and O; (Voigt et al., 2001)
cross-sections with the instrument line shape. Fraunhofer reference and ring spectra
were also included in the non-linear fit. The mean total column amount of the plume
cross-section was then multiplied by the plume rise speed (obtained from the thermal
infrared camera) to yield the SO, emission rate. We also deployed a miniature

thermal infrared camera, the OPTRIS P1640. The camera weighs 320 g, including a

6



100

105

110

ACCEPTED MANUSCRIPT

lens of 62° x 49° FOV, f = 8 mm, and its dynamic range equivalent to radiant
temperatures from -20 to 900 °C. The detector has 640 x 480 pixels and the
operating waveband is 7.5 - 13 pm with a maximum frame rate of 80 Hz (Bani et al.,
2017). The camera was positioned ~60 m to the west of the main degassing vent
(Fig. 2) to capture emission dynamics.

Fresh rock samples were collected in the crater then analyzed in the
laboratory using X-ray fluorescence (XRF) (Johnson et al., 1999) at BPPTKG (Balai
Penyelidikan dan Pengembangan Teknologi Kebencanaan Geologi) Yogyakarta-

Indonesia.

b)

Scanning .
DOAS position™._ Crater 1

R S U — old inactive crater
hosting a periodic lake

MUItiGAS position
- Crater 2

Thermal Cam
position

T . The main
degassing vent

................................... Crater 3
current active crater

Crater floor with
fumarole zones

void space of
~0.1 km?

Summit crater
opening to the south

z>

500 m

Figure 2. Gamkonora is a large volcano that extends into the sea (a). Its summit
hosts an elongated crater formed by successive emplacement of crater 1, crater 2
and crater 3 (b). Crater 1 periodically hosts a lake. Crater 3 is the currently active
crater. The grey area corresponds to a possible collapsed zone. Pictures highlight
the crater open to the south (c), the degassing vent (d) and the MultiGAS recording
position (e).

Results and discussion
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Summit morphology: shift of active crater and possible mass failure to the
south

Gamkonora is a nearly perfect cone-shaped stratovolcano that culminates at
1635 m above sea level. Its western flank extends into the sea but its aerial base
diameter is about 8 km. The summit crater has an elongated shape of 1500 m x 500
m, along a north-south direction (Fig. 2). The crater is wide open to the south
suggesting a crater wall failure. This latter left a void space of ~0.1 km?. If we assume
that the pre-collapse crater wall was 50 m from the rim to the floor, similar to the
current situation, then one can estimate a missing volume of about 0.005 km? that
may have collapsed from the summit of Gamkonora (Fig. 2). The age of this possible
collapse event is unknown, and more work is needed to test if a link can be
established between this collapse and the 1673 Gamkonora tsunami.

The summit crater of Gamkonora hosts at least 3 overlapping subcraters
(Fig.2). The northernmost subcrater, named crater 1 in this work, is 250 m wide and
periodically hosts a lake, in particular during the wet season. In September 2018
there was no lake allowing relatively easy access to the active crater. The biggest
subcrater, situated in the central portion of the crater's terrace, is >300 m in diameter
and is referred here as crater 2. Both crater 1 and 2 are currently inactive. It is
unclear which of these two is the oldest. Crater 3, in contrast, has a well-preserved
circular shape that cuts crater 2, suggesting a younger age (Fig.2). With 500 m
diameter at the rim and 200 m on its inner crater floor, this crater 3 constitutes the
current main active site on Gamkonora and is hosting the active vent from which gas
exits into the atmosphere (Fig.3). Thermal images (Fig.3) highlight two distinct hot
features in crater 3, including the main active degassing vent to the west and a
circular structure occupying the eastern part of the crater, from which steam and

dilute gases are released. Given that hot surfaces are generally sustained by deep

8
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fluid circulations that carries heat to the surface (Chiodini et al., 2006), it is thus likely
that this circular thermal distribution corresponds to an active, partially buried
degassing structure whose role is now becoming secondary compared to the
currently active vent. It is also possible that the activity in crater 3 has migrated to the
west, in coherence with successive changes of the Gamkonora center of activity over
time. Among the numerous reasons potentially causing volcanic activity shifts,
subsurface emplacement of a cooled and dense magma (Primulyana et al., 2017),
fault and fracture controls on magma ascent (Lanzafame et al., 2003), and/or a large
mass collapse that can enhance changes in the crater, are among the most common.
In any case, the elongated shape of the combined craters on top of Gamkonora

suggests constant evolution of the center of activity.

125°C

i - gtk

':?'6;' "
. Main. hot surface * 2 )
.......... L in the crater 1S The active vent 72
- Ses-a e - - B (main degassing point) .

20

Figure 3. Detailed view of the active crater 3. Thermal images and the corresponding
picture highlight two distinct hot surfaces, including the active vent and a circular hot
structure.

Basaltic andesite to andesite melt source
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The bulk rock compositions obtained from freshly ejected blocks collected next
to Gamkonora crater 3 indicate basaltic-andesite to andesitic magma source (Table
2, Fig.4). Although our result is derived from a limited number of samples, and can in
no way be taken as representative of the entire Gamkonora eruptive activity, it,
however, suggests that at least the most recent activity has been sustained by a
mildly evolved source magma, broadly within the typical volcanic arc range. Basaltic-
andesitic to andesitic magma, especially if erupted after relatively long repose
periods of several decades (Table 1), can enhance violent explosive eruptions. This
recent Gamkonora magma composition is less differentiated compare to the magma
sources at the neighboring volcanoes, Ibu and Dukono (Fig.4), located along the
same arc at respectively ~15 and ~50 km to the northeast. Dukono magma is of
andesite to trachy-andesite composition and is currently feeding a continuous
eruptive activity (Bani et al., 2018) whilst Ibu is sustained by a dacitic source that
presently undergoing lava dome build-up, associated to frequent and continuous
explosive eruptions (Saing et al., 2014). Magma compositions typically evolve with
time, thus it is usual to identify distinct melt sources between neighbor volcanoes and
even distinct melt compositions over the eruptive history of the same volcano. A
more complete petrological/volcanological rock survey, including trace-element and
isotopic analyses, is urgently needed to better characterize the Gamkonora

magmatic source and its evolution over the volcano's geological history.

Table 2. Rock composition of Gamkonora volcano

Oxides Rock sample 1 Rock sample 2
SiO2 (wt %) 55.86 58.47
Al203 (wt %) 16.96 17.05

Fe203 (wt %) 9.39 8.57
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CaO (wt %) 7.09 6.73
MgO (wt %) 3.36 2.74
Naz20 (wt %) 3.78 4.02
K20 (wt %) 1.36 1.55
TiO2 (wt %) 0.85 0.80
MnO (wt %) 0.18 0.16
P20s (wt %) 0.21 0.24
Total 99.04 100.33
16 -
% Gamkonora
® Dukono (Bani et al., 2018)
M |bu (Saing et al., 2014)
Phonolite
12 Foidite
Tephri- Trachyte
phonolite
9\1 Phono-
f tephrite Trachy-
% g | andesite Rhyolite
Basaltic /
] .
b4 Tephrite- trachy- =
Basanite andesite
rachy-
basalt *
*
[V}
4 s | o
58 2 g
= = wn T < ©
© © C C [a)
o i m ©
\S o
o
S
o
0 T 1 T 1
38 48 58 68 78
SiO2

180 Figure 4. Basaltic andesite to andesite melt composition that sustained the current
Gamkonora activity. Dukono and Ibu melt sources are also plotted for comparison.
These latter are more differentiated.

185

A relatively small but magmatic volatile output

Scanning DOAS measurement results are summarized in Table 3 and indicate

a mean SO; emission rate fluctuating between 1.6 and 6.1 t/d, with a mean value of
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3.4 + 1.4 t/d. These results thus suggest that Gamkonora is currently a weak
degassing source, in comparison to other Indonesian volcanoes, including Bromo
(166 t/d; Aiuppa et al. 2015), Krakatau (190 t/d; Bani et al., 2015), Dukono (820 t/d;
Bani et al., 2018), Semeru (46 t/d; Smekens et al., 2015) or Sirung (48 t/d; Bani et al.
2017). Such a small gas emission suggests a quiescent activity in 2018 and is
consistent with the lack of any reported eruptive event since 2013.

In-plume gas concentrations measured with the Multi-GAS (Table 4) peaked at 5500
ppmv, 418 ppmv, 5.4 ppmv, 3.5 ppmv, and 3.7 ppmv for H,0O, CO,, SO,, H,S, and H,
respectively. The good positive correlations between different gases recorded on
Gamkonora (Fig.5) suggest a common. The derived ratios are circa 135, 5.6, 0.6,
and 0.2 for H,O/SO,, CO,/SO,, H,S/SO,, and H./SO,, respectively. The prevalence of
SO, over H,S, and the high equilibrium temperature of circa 670 °C obtained by
resolving together the SO./H,S vs. H./H,O redox equilibria (see methodology in
Aiuppa et al., 2011; Moussallam et al., 2017; 2018), suggest that Gamkonora gas
emissions are fed by a magmatic source with redox conditions between FeO-Fe,0;
and Nickel-Nickel Oxide buffers (NNO) (oxygen fugacity of 10'® bars). The above
temperature is higher than the atmospheric corrected temperature of the area around
the active vent, obtained using the thermal infrared camera. Indeed, this latter
peaked at 125° C (Fig.3) but should be considered minimum since a higher fluid
temperature is required to compensate for the heat lost to the ambient environment
along its way to the surface. When integrating the gas composition of Gamkonora on
the H,O-CO,-St diagram (Fig.6), it plots next to Bromo, whose gas is considered as
magmatic by Aiuppa et al (2015), but away from Papandayan with its hydrothermal
system and also away from the poor-CO. gas of Sirung and Dukono (Bani et al.
2018). Gamkonora degassing is thus magmatic and this magmatic signature is also

highlighted by the CO./S+ vs. gas temperature diagram (Fig.6, Aiuppa et al. 2017).
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By converting our measured volatile ratios into molar percentages (in the assumption
that no other major volcanogenic gas is present in addition to those we determined),
we find that Gamkonora releases a water-rich gas, with 94.7% H>O molar proportion,
as typical for arc volcanic gases (Fischer, 2008). Our inferred concentrations for the
other gases are 3.9%, 0.7%, 0.4% and 0.2% for CO,, SO, H,S and H; respectively.
The mean CO,/Sr ratio of 3.5 (St = SO, + H,S) obtained for Gamkonora is above the
mean arc CO,/St ratio (~2) for persistently degassing open-vent arc volcanoes
(Shinohara, 2013), but is well within the range of volcanic gas CO./S+ ratios of 3-6 in
nearby Java (Aiuppa et al., 2015, 2017, 2019). Although such C-rich gas composition
may be tentatively taken to imply some substantial carbon contribution from either
the slab or crustal-derived fluids (Aiuppa et al., 2017, 2019) more work is yet needed
to fully characterize the Maluku magmatic arc gas signature and source. This is
especially true if one takes into account the CO»-poor magmatic source observed on
Dukono (Bani et al., 2018), located only ~50 km northeast of Gamkonora, which
reflects the compositional heterogeneity and complex geodynamic settings of the

Maluku arc.

Table 3. SO flux result from DOAS scanning measurements

Scan N° Start Time End Time Step angle Number of Average S02 Flux

(UT) (UT) (°) spectra C.A. (g/lcmz) kals vd
1 03:37 03:41 10.0 14 0.10 0.01 1.6+£0.8
2 03:41 03:43 10.0 14 0.19 0.04 39+1.1
3* 03:46 03:49 5.4 24 0.05 0.01 1.1+£1.0
4> 03:49 03:52 5.4 24 0.04 0.01 06+0.5
5 03:53 03:57 54 24 0.21 0.07 6.1+1.4

6 03:58 04:01 54 24 0.07 0.03 2617
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04:05

05:04

05:09

05:12

05:15

54

5.4

54

5.4

5.4

24

24

24

24

24

0.08

0.03

0.08

0.03

0.06

0.04

0.01

0.03

0.01

0.01

3722

0.7+1.2

2314

0.8+1.8

0.8+0.7

Mean SO2 flux = 3.4 £ 1.4 t/d

* Scans not included in the mean SO: flux given the high error induced by plume direction change.
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Figure 5. Typical gas/SO2 correlation obtained on Gamkonora. Gas peaks are presented on
the left panels (a, b, ¢, d) whilst the corresponding linear fits are presented on the right
panels (e, f, g, h). SO, and H,S are strongly correlated (e). All the recorded points are plotted
in (a). Some of CO, and SO. peaks are well correlated (b, f), from which the mean CO»/SO;
ratio is obtained. Few SO; and H. peaks are correlated (c, g). There is a shift in the second

part of the dataset due to a change of background condition. However, the ratios are
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comparable. A similar situation can be observed with H,O. Only 4 acceptable SO,-H,0O

correlation peaks are retrieved (d, h).

240
Table 4. Gamkonora in-plume gas concentrations, gas ratios and fluxes
Gas concentrations
H20 (ppm v) 400 — 5500
CO2 (ppm v) 350 — 418
SO2 (ppm V) 0.1-54
H2S (ppm v) 0.1-35
H2 (ppm v) 0.05-3.7
Gas Ratios
H20/S02 135+ 69
C02/SO2 56+1.3
H2S/SO2 0.6 £0.03
CO,
H2/SO2 a) 0.2+0.1 /\
Gas composition and flux estimates / \
Composition (mol %) Flux (t/d)
< g
H-0 > 129 + 53
$o7
S
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Figure 6. CO»-H,O-Sr Ternary diagram (a) discriminates Gamkonora magmatic gas from the
hydrothermal systems that plot along the CO,-H,0 axis. The COzST vs. Gas temperature
(T°C) (b) supports the idea of magmatic source beneath Gamkonora. Past studies have
emphasized magmatic sources on Merapi (Fisher and Chiodani, 2015), Bromo (Aippa et al.,
2015), Sirung (Bani et al., 2017) and Dukono (Bani et al., 2018), whilst Papandayan is known

for its hydrothermal system (Fisher and Chiodani, 2015 ).

On many volcanoes with open vents, surface degassing is the result of the
sudden (periodic) release of over-pressured pockets of magmatic gases (Gaudin et
al., 2017). In such a situation, one can expect to observe temporal fluctuations in the
gas emissions and associated heat. Figure 7 illustrates a typical temporal record of
discharge temperatures at the exit of Gamkonora active vent, highlighting a
continuous gas emission with an apparent low frequency (0.2-0.3 Hz) and 2-6 °C
amplitude. Through this degassing activity, Gamkonora releases daily 129, 13, 3.4,
1.1 and 0.03 tons of H,0, CO,, SO,, H,S, and H; respectively (Table 3). Such volatile

output accounts for a relatively small fraction of the total volcanic gas budget in
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Indonesia, which includes some top-emitters such as Dukono (~820 t SO./d; Bani et

al., 2018), Bromo (166 t SO./d; Aiuppa et al., 2015) or Krakatau (Bani et al., 2015).
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i y
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S 1 138 4 | 1 a

Duration (s)

Figure 7. Temperature fluctuation induced by hot gases that exit the active vent. The white
square (a, Area 1) is the zone of interest on which the mean temperature is recorded. The

temperature amplitude (b) and the spectrogram (c) denote the dynamic of degassing on

Gamkonora.

Conclusions

Gamkonora is a little known but active volcano located in North Maluku, East
Indonesia. Not less than 13 eruptions have been recorded over the last 2 centuries,
corresponding to about one eruption every 15 years. These eruptions forced
thousands of inhabitants to leave their villages, at least temporarily. Our results,
taken during quiescent activity in 2018, indicate that the current Gamkonora gas
emissions are dominated by water (H.O/SO; ratio of 135 + 69), and exhibit a CO,/S+
mean ratio (3.5) within the compositional range for high-temperature gas emissions
from other Indonesian volcanoes. This degassing activity is likely supplied by
basaltic-andesitic to andesitic magma at depth. In September 2018, the volcano was

emitting a weak but persistent “magmatic” gas output, with daily fluxes of 129, 13,
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3.4, 1.1 and 0.03 tons for H,O, CO,, SO,, H,S, and H; respectively. Despite the weak
emissions measured, we argue that our results are significant for understanding the
“characteristic” degassing behavior of the many Indonesian volcanoes that, similarly
to Gamkonora, have erupted recently, but are currently undergoing quiescent
degassing activity. This category may include several tens of volcanoes, whose
cumulative volatile output is unknown, but may make a sizable fraction of the regional
volcanic degassing budget. Quantifying the gas emissions from these (yet
unmeasured) volcanoes is thus central to refining estimates of the Indonesian
volcanic gas budget, and to test the representatives of the Gamkonora presented

here.
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